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BioHealthBase BRC Overview



BioHealthBase Pathogens

• Each pathogen is not only a potential 
bioterrorism agent, but is also endemic or 
re-emerging in the United States

– dual purpose: biodefense and public health
• At least one pathogen from NIAID 

Category A, B, and C 
• Pathogens represent each of the three 

major classes of microorganism - bacteria, 
viruses, and parasites - and even plants

• Developing a database that supports these 
disparate organism types represents a 
significant challenge. However, the 
extensible database and system structure 
would support the addition of other 
organisms in the future

Francisella tularensis
Influenza virus 
Mycobacterium tuberculosis
Microsporidia
Giardia lamblia
Ricinus communis



Initial Pathogen Focus

• Francisella tularensis
– Availability of the first genome sequence
– Early interaction with BioCyc
– Local expertise
– Need for Ftu-focused system

• Influenza virus (types A, B, C)
– Avian flu public health concerns
– Availability of data
– Different system requirements

• Mycobacterium tuberculosis
– Initial support of a related organism
– Public health focus



Design Constraints

• Support for diverse data types
• Support for diverse data structure
• Support for diverse data availability



System Diagram

Data Warehouse
(Publication)

Analysis Tools (Future)
• Blast
• Clustal-W/MUSCLE

Query/Visualization Tools
• GBrowse genomic browser
• Influenza database search
• Bacteria database search
• Gene/protein data display

Data Loading (NCBI, 
UniProt, PFam, etc.)

Value-added products 
(polymorphisms, 
epitopes, protein 
localization, operons, 
etc.)

GUS
(Staging)

Data validation, data cleansing

Optimized for query access

Flexible, layered Java interface



v1.0 System Components

• BioHealthBase v1.0 deployed on January 31, 2006!
www.biohealthbase.org

• Database
– Genome sequence data
– Gene annotation data
– Protein annotation data
– Pathway data
– Integrated from various sources - NCBI, UniProt, PFam, BioCyc

• Precompiled integrated analysis results (value-added)
– Influenza consensus sequences and polymorphism (MUSCLE)
– Influenza MHC class I epitope predictions (NetCTL)
– Protein localization (PSortB, SignalP, DAS, SubLoc)
– Operon identification (BioCyc Pathway Tools)

• Query interface
• Genome browser



BHB Home Page



Francisella Home Page



Query Page



Gene Summary Page



Gene Details Page



Gene Structure



Protein Information



Pathway/Operon



Pathway Hole Filling

• Semi-automated genome annotation based on sequence 
alignment with known genes at relatively stringent 
similarity score cutoff

• For Francisella tularensis, ~22% (~350) predicted open 
reading frames are listed as hypothetical proteins

• Use other orthogonal data to infer relationships to justify 
use of lower similarity scores

• Metabolic pathway holes and operon prediction 
relationships



Pantothenate Biosynthesis Pathway



NADP Oxidoreductase



Pathway/Operon



Genome Browser - panC Operon



FTT1388



Predicted Protein Sequence



Blastp Results



Alignment



Semi-Automated Hole Filling

• Identify pathway holes
• Identify hypothetical proteins linked to characterized 

pathway components through operon predictions
• Blastp against NR database
• Multiple sequence alignment
• Curate conserved regions for catalytic residues
• Annotate record with proposed function
• Add hypothesis track to Gbrowse



Influenza Home Page



Gene Query



Gene Summary Page



Gene Detail Page



Protein Structure & Function



Links & Data Sources



Epitope Prediction



Predicted Epitopes



Subtype Polymorphism



Allele Count & Score



Polymorphism Structure



Host-Pathogen Interactions

• What it is -
– Existing GO term

• id: GO:0000005
• name: interaction with host organism
• def: "Any interaction between an organism, usually a parasite or symbiont, and 

another organism from which it may obtain nourishment, protection, and/or a means 
of dispersal." [PAMGO:cc ""]

• is_a: GO:0000001
– New GO term

• name: pathogenic interaction with host organism
• def: "Any interaction between an organism, and another host organism from which it 

may obtain nourishment, protection, and/or a means of dispersal to the detriment of 
the host." 

• Why it is important to emphasize
– Understanding of the epidemiology of transmission
– Impacts host range
– Impacts virulence
– Drug and vaccine targets

• Different meanings at different levels of granularity
– Ecological
– Physiological
– Cellular
– Molecular



Host-Pathogen Interactions - Viruses

• Cell intrinsic response modulators
– Subvert metabolic machinery (e.g. influenza mRNA cap stealing)
– Counteract cell death (e.g. herpesvirus bcl2 family members)
– Subvert IRF activation (e.g. Influenza virus NS1)

• Innate/inflammatory response modulators
– Counteract interferon action (e.g. Henipaviruses V, W, P proteins)
– Modulate/evade NK cell recognition
– Cytokine/chemokine control system (herpesvirus chemokine-like 

factor)
• Adaptive immune response modulators

– Modulate/evade antibody activity (e.g. serologic evolution of 
influenza)

– Modulate/evade TH response (isolate evolution of influenza)
– Modulate/evade CTL response (isolate evolution of influenza)



Rationale for Flu & Reactome

• Useful features of Reactome
– Framework in place
– Focus on human biological processes that are frequently targeted by 

pathogens
– Emphasize assertions specifically supported in literature
– SkyPainter for conveying attribute information

• Approach for Flu Host-Pathogen Pathways
– Step 1 - High level framework of viral life cycle
– Step 2 - Detailed  host pathways
– Step 3 - Detailed viral pathways
– Step 4 - Host-viral pathway intersection



Influenza Life Cycle in Reactome



Life Cycle Schematic



High Level Pathways



Pathway Detail



Host Response Pathways



Host Response Detail



Future Reactome enhancements

• Engage flu community to assist in pathway building

• Drill down life cycle stages

• Handle functional sequence polymorphisms

• Capture context-dependence in space (cell-type specificity; host 
range), time (kinetics) and state of host (variations in immune 
system function)



Summary and Future Directions

• Semi-automated Data Loading
– Added, updated, and deleted sequences and annotation
– Added, updated, and deleted protein information in UniProt, PFam, etc.
– “Catchup” loads plus regularly-scheduled loads

• Additional Tools
– User-interactive sequence alignment and multi-alignment
– Domain, GO, motif searches
– Enhanced polymorphisms displays

• Science Collaborations
– UTSW Francisella researchers
– UCI Francisella microarrays
– IEDB validated epitopes
– Reactome pathway analysis

• Additional pathogens
• Outreach



Acknowledgments

• U.T. Southwestern
– Burke Squires
– Feng Luo
– Shubhada Godbole
– Jennifer Cai
– Jyoti Shah
– Jamie Lee
– Cathy Spranger
– Victoria Hunt
– Kevin McIver

• SRI
– Peter Karp
– John Pick

• Co-investigators
– Barbara Mann (UVA)
– Adolfo Garcia-Sastre (MSSM)
– Stephen Johnston (UTSW)
– Hillary Morrison (MBL)
– Louis Weiss (Albert Einstein)
– Ellen Vitetta (UTSW)

•Northrop Grumman
–Carey Gire
–Kevin Biersack
–Jason Lucas
–Sharmila Vattikuti
–Sanjeev Kumar
–Paul Shrabstein
–Surabhi Sharma
–Tammie Ajayi
–Aihui Wang
–Zuoming Deng
–Jianjun Wang
–DeWayne Ejikeme
–Doug Marcey

•Vecna
–James Wolowicz
–Chris Larsen
–Al Ramsey

Amar
X. Wei

Reactome
Marc Gillespie
Peter D-Eustachio


	Outline
	BioHealthBase BRC Overview
	BioHealthBase Pathogens
	Initial Pathogen Focus
	Design Constraints
	System Diagram
	v1.0 System Components
	BHB Home Page
	Francisella Home Page
	Query Page
	Gene Summary Page
	Gene Details Page
	Gene Structure
	Protein Information
	Pathway/Operon
	Pathway Hole Filling
	Pantothenate Biosynthesis Pathway
	NADP Oxidoreductase
	Pathway/Operon
	Genome Browser - panC Operon
	FTT1388
	Predicted Protein Sequence
	Blastp Results
	Alignment
	Semi-Automated Hole Filling
	Influenza Home Page
	Gene Query
	Gene Summary Page
	Gene Detail Page
	Protein Structure & Function
	Links & Data Sources
	Epitope Prediction
	Predicted Epitopes
	Subtype Polymorphism
	Allele Count & Score
	Polymorphism Structure
	Host-Pathogen Interactions
	Host-Pathogen Interactions - Viruses
	Rationale for Flu & Reactome
	Influenza Life Cycle in Reactome
	Life Cycle Schematic
	High Level Pathways
	Pathway Detail
	Host Response Pathways
	Host Response Detail
	Future Reactome enhancements
	Summary and Future Directions
	Acknowledgments

